Abstract The optimization of process parameters for decomposition of kitchen waste into mature, stable compost was investigated using response surface methodology (RSM). RSM and central composite designs were applied to evaluate and optimize the key factors namely fly ash, bulking agent for moisture optimization and temperature, inoculum size and lime concentration for C/N optimization, which affect the stability of compost. Moisture and C/N ratio were selected as response variables. The experimental data of response variables were fitted into quadratic polynomial model using the multiple regression analysis and found it was statistically significant quadratic model. Box-Behnken design under RSM was used to optimize their interaction between bulking agent (40 %) and fly ash (15 %) has significant effect on moisture optimization and temperature (35°C), lime (3 %), and inoculum size (10 %) were the best for C/N ratio optimization and compost maturity. These optimized conditions were used and recorded the 50 % moisture reduction, and 8.43 C/N was achieved; indicates the stable and mature compost in minimum time. A significant correlation was also found between C/N ratio, humic acid, fulvic acid and degree of polymerization during compost formation. It was fleetingly concluded that optimization of compost parameters promote the decomposition rate and humification process.
Introduction
The amount of kitchen waste generated in developing countries is the major organic municipal solid waste (MSW) (50-64 %), due to rapid development. These wastes can cause hygienic hazards, odor and ground water pollution by leaching of pollutants, if not properly treated (Guo et al. 2012) .
Pakistan as an agricultural country needs high quantity of organic fertilizers due to inflation in fertilizers prices and to improve crop yield and maintain nutrient status of soil (Iqbal et al. 2010b ). Fresh and immature waste is unsuitable for direct application to land, may inhibit seed germination, reduce plant growth or cause phytotoxicity to plants due to incomplete biodegradation of organic matter (Gao et al. 2010) .
Composting is an effective and economical method for the treatment of waste prior to land application. The environmental conditions and substrate characteristics influence the composting process. Like these factors moisture impacts also on the physico-chemical properties [temperature, free air space (FAS), particle size, pH, C/N] of waste material to decompose during composting process (Kulcu and Yaldiz 2004) . Several researchers also reported that optimum moisture content (55-60 %), C/N ratio (25) (26) (27) (28) (29) (30) and pH are the important factors for stabilization and maturation of compost (Sundberg et al. 2013; Kumar et al. 2010) . Bulking agents are the fibrous with carbonaceous material, provide FAS and regulate water contents of waste to be composted because they modify the properties of waste during composting, due to high moisture, low C/N ratio and high density of waste. Rice husk was used as bulking agent for the adjustment of C/N ratio, moisture contents, to promote the growth of degrading microbes and fasten composting process. Similarly role of additives; lime and fly ash consider rising of pH, temperature and CO 2 evolution without any negative effect on the microbial community for stabilization and maturation of compost (Chang et al. 2006; Wong and Fang 2000) . During composting, the fly ash and lime neutralized the acid formation in fermentation of carbohydrates and fats, which lowers the pH of the composting mass leading to the retardation of decomposition efficiency. The fly ash has been previously investigated as soil amendments for agricultural use, due to its capacity and Ca, Mg oxides, to improve the physical and chemical properties of soil and plants (Wong et al. 2009 ). Moreover, the combined use of fly ash and lime in calculated and small quantity may result in an efficient removal of pathogens and enhance the decomposition rate for mature and stable compost.
However, to acquire significant and highly stabilized compost, the optimal operating conditions should be optimized, which plays a vital role in developing process and enhancing their performance. It is not an easy chore because various factors are involved during composting. Several authors have conducted single-factor optimization to evaluate the optimum process conditions. This method is unreliable and may lead to misinterpretation of results and it does not depict the interactive effects among the variables and guarantee the determination of optimal conditions (Mannan et al. 2007 ). Recently, statistics-based experimental design has been reported in the literature, which is time saving and reduce the error in determining the interactive consequence of process parameters.
Response surface methodology (RSM) is used for the optimization of studies in several research and development (R&D) works. It proves a quite and reliable statistical method for minimum experiments. Usharani and Muthukumar (2013) used the Box-Behnken design experiment for the removal of methylparathion by applying the different operating variables (temperature, pH, agitation and reaction time) and noted the biodegradation of methylparathion, removal of chemical oxygen demand (COD), total carbon and specific growth rate as response. The role of RSM was also evaluated during the biohydrogen production from Rhodobacter sphaeroides O.U.001 by optimizing the growth parameters (Hay et al. 2012) . Jadhav et al. (2013) applied the RSM for the decolorization of dyes from water and found the encouraging results during their study. It has also been used to determine the optimal values for processing parameters, i.e., pH, temperature, feeding rates and aeration (Bazaraa and Hassan 1996) .
Consequently, the main objective of this study was to investigate the impact of moisture and additives; lime and fly ash on stability, maturity and nutrients status of compost using the Box-Behnken design under RSM. Present research work was conducted in PCSIR laboratories complex Lahore, Pakistan and was completed in September 2012.
Materials and methods

Feed stocks
All the wastes were collected from Lahore University Pakistan hostels, includes eggshells, breads, cooked rice, fruit and vegetables, and meat and wood ash were hauled to PCSIR laboratories complex Lahore. Rice husk was selected as bulking agent and purchased from local market, passed through mesh machine ranged from 0.5 to 1 mm. The chemical composition (moisture, ash, total carbon, nitrogen, sulphur, volatile matter, fixed carbon, C/N ratio) of feed stocks was analyzed before mixing for composting process (Table 1) .
Optimization by RSM
The optimization of compost parameters were accomplished using statistical design of experiments in two stages. The first stage involved in the optimization of moisture parameter and second stage involved the significant variables (temperature, lime and inoculum size) for C/N ratio optimization. Prior to concentrate the process/process variables during research work required a complete understanding of practical model. Box-Behnken design consists of a group of controlled experimental factors and measured responses, according to one or more selected criteria. BoxBehnken design has three levels low (-1), medium (0) and high (?1), and it is more efficient, easier to manage and interpret for comparison with others. In the present study, in first stage, bulking agent and fly ash variables were selected to determine the optimum quantity of each variable for optimized moisture concentration (50 %) and in second step lime, temperature and inoculum size variables were chosen for C/N ratio optimization, i.e., production of mature, stable compost in minimum time using the RSM. The preset All results are average of three values ranges of independent variables for moisture optimization, i.e., bulking agent (10-40 %) and fly ash (5-15 %), whereas for C/N ratio optimization, i.e., temperature (25-35°C), lime (1-4 %) and inoculums size (5-10 %) for second stage experiment were investigated in this study (Tables 2, 3 ). In the present study, two-by-three factorial design was employed to fit the second order polynomial model, which indicates the required experiments: 13 for first stage and 15 for second stage, respectively. All the experiments were carried out in triplicates according to design matrix, which was based on number of variables. The independent variable for moisture (fly ash and bulking agent) and for C/N (lime, temperature and inoculum size) and mathematical relationship of response Y 1 and Y 2 of these variables were approximated by quadratic polynomial equations for moisture and C/N ratio optimization, respectively as
where Y 1 is the predicted response, b 0 is the constant, b 1 , b 2 , are the linear co-efficient, b 11 , b 22 are the quadratic coefficient and b 12 , are the cross-product coefficients. This design was used to evaluate the interaction and quadratic effects of moisture and other compost parameters for mature and stabilized compost preparation. The statistical software design (version: 16) was used for experimental design, data analysis and graph plotting.
Experimental setup
The kitchen waste was mixed thoroughly after manual cutting and assured that mixture was homogeneous. The kitchen waste, bulking agent and fly ash were mixed as per design format in plastic containers for periods of 7 days under controlled laboratory conditions (T: 25°C; H: 50 %) and calculated the potential of moisture reduction as prescribed by Iqbal et al. (2010a) . The quantities of raw materials processed during moisture optimization were presented in Table 2 . In first stage, all the trials 1-13 for moisture optimization were exercised for a period of 7 days and observed the trial no. (5) of Table 3 composition best and optimized the moisture (50 %). The data of trials 2, 5 and 13 were only presented because only these three trials, minimum, middle and maximum moisture optimization were noted. The optimized combination (trial no.: 5) was composted by adding the quantities of lime, inoculum (cow dung) and temperature as experimental RSM design in 4 kg capacity tray, placed in calibrated oven (±1°C) at laboratory scale. The quantities of raw material to be composted were comprised of bulking agent (1.6 kg), fly ash (0.6 kg) and kitchen waste (1.8 kg). The trials 1-15 (Table 4) were composted as per design conditions and only trials 1, 5 and 15 chemical changes during the composting process were reported because C/N ratio and other chemical changes of other trials did not show the maturity and stability earlier.
All of experimental replicates, moisture (50 %), were maintained by sprinkling the water, and aeration was given to each replicate after 7 days of interval. Three replicates of each trial were given individual attention to diminish the external fracas, distressing the composting process. Periodically, about 100 g of samples was removed from all trials at days 0, 7, 14, 21, 28, 35, 42, 49, 63 and 77 for physical and chemical analyses of compost. Samples were dried at 75°C and passed through 2-mm sieve according to Iqbal et al. (2010b) .
Analytical methods
Measurement of total N, C, S and H in kitchen waste, bulking agent (rice husk) and composts was taken on dried sample by catalytic tube combustion using Vario Macro elementar CHNOS analyzer (S.N: 11046079). The C/N ratio was calculated as the quotient of total carbon over total nitrogen.
The pH (Jenco-6173) of compost material was determined by adding 10 g of compost in 100 ml of double distilled water for 24 h under laboratory conditions (25°C), whereas the ash and organic matter were also determined according to the guidelines of ASTM (Bailey and Baldini 2007) . The Na and K were determined using flame photometer (Jenway PFP). The ammonium-N and phosphate were determined using the APHA (2005).
The compost sample humic acid was determined by shaking 1.0 g in 30 ml 0.1 M NaOH for a period of 20 h. It was centrifuged at 10,000 rpm for 10 min to get clear supernatant contain humic acid (HA) and fulvic acid (FA) fractions, and its part (15 ml) were also acidified with strong acid H 2 SO 4 . After this acidified suspension for standing of 12 h was centrifuged, separated and determined the HA and FA contents as per guidelines of Aparna et al. (2008) .
The degree of polymerization (DP) was determined by dividing of HA over FA. The DP was calculated according to Senesi (1989) .
Statistical analysis
Each physico-chemical characteristics of waste and compost was analyzed three times, and their results were reported as an average along with standard deviation. Statistical analysis was also carried using SPSS 17 for Pearson's correlation between FA, HA, DP and C/N of compost parameters.
Results and discussion
First stage for moisture optimization
The chemical composition of kitchen waste and bulking agent impacts on physical and chemical properties of mature and stable compost. One of the important constituents of compost is carbon more abundant in bulking agent than kitchen waste. It was exploited by micro-organism to construct an energy platform for their survival during composting. The C/N ratio of bulking agent, kitchen waste and mixture was 90.55, 28.34 and 34.49, respectively (Table 1) . Composting is a biological process; its efficacy is dependent on various factors among these factors moisture has critical attention during the decomposition of organic matter because it impinge on the microbial activity, leads to rise in temperature and curtail the time of compost maturity (Kumar et al. 2010) . Kitchen waste in the present study contains 69.84 % moisture, which was optimized using the bulking agent (rice husk) and fly ash in different ratios as per RSM. Both rice husk and fly ash showed the escalating trend in moisture absorption from kitchen waste as the ratio of each rise. Bulking agents have the property to modify the physical (bulk density, FAS) and chemical (C/N) properties of compost. They not only absorb the moisture contents but also impact on the C/N ratio of the compost (Iqbal et al. 2010a) . Fly ash is a product of combustion, contains macro nutrients (CaO, Na, K), perk up the physical and chemical characteristics of compost along with reduction in moisture from the composting matrix. The similar observations were found in the present study, i.e., reduction in moisture by the addition of bulking agent and fly ash. The different ratios of bulking agent and fly ash had shown variation in their moisture absorption with time, but combination as per CCD (kitchen waste: 45; bulking agent: 40 and fly ash: 15) illustrates suitable moisture absorption for composting process up to 50 %. It was also noted that there was a significant difference of trial (5) than other combinations/ trials. The trial (13) absorbed maximum moisture in respect of all trials, whereas trial (5) absorbed 23.44 and 27.86 % more moisture than trial (2) and control, respectively. Trail (13) moisture reduction reduces the biological activity of the composting process. The optimum time for moisture reduction up to 50 % was 5 days for trial 5 and after this did not exhibit the variation in their results (Fig. 1a) . Hence, it limits the ability to absorb the leachate during kitchen waste composting. Iqbal et al. (2010a) used saw dust (40 %) as bulking agent during the optimization of physical properties of MSW compost and found the attractive results and the present study results are also inline with Guo et al. (2012) . The trials 2, 5 and 13 are illustrated in Fig. 1a , while other trials shown the results on the same pattern as per design format ratio of bulking agent and fly ash.
Second stage for C/N optimization
The changes in C/N ratio give an indication of nitrogen availability for biological degradation of organic waste, and decline with time has been widely reported as an indicator of compost stability and maturity because microorganism used this carbon as energy source and nitrogen for building cell structure (Iqbal et al. 2010b ). The variation in C/N with time is shown in Fig. 1b , C/N ratio decreased with time in all the trials, due to strong mineralization process took place in early stage of composting which was evident by sizeable diminution and augmentation in the total organic carbon and nitrogen levels, respectively, in all trials; as a result the C/N ratio decreased consistently as the composting progressed, with about a 14.67, 4.7 and 13 % decrease within the first 7 days in the trials 1, 5 and 15, respectively. In the preliminary phase of composting the lessening of carbon due to bio-oxidation of carbon to CO 2 cloud be attributed to the positive impact of lime and this increases the rate of biodegradation (Fang and Wong 1999) , whereas the excessive concentration of lime inhibits the activity of micro-organism due high pH of the composting matrix, degree of humification and C/N ratio decline was clogged in all other trials according to pH and lime concentration (data not shown). At the end of composting process, a decrease of about 66.22, 48.22 and 75.56 % of the initial C/N ratio (34.49 %) was seen for the 1, 5 and 15 trials, respectively. These findings in the present study concurred with the results reported by Guo et al. (2012) and it was also noted that there was no significant difference in trials 5 and 1, whereas a great significant difference was present with trial 15. According to Golueke (1981) , a C/N ratio below 20 is an indicator of acceptable maturity and ratio of 15 or less is preferable. This ratio represents the forms of organic carbon and nitrogen in the composting mixture that are more susceptible to microbial transformation and therefore, more conscientious for compost stability and maturity than total content of organic carbon and nitrogen part of the bulk organic matter (Said-Pullicino et al. 2007) .
Ammonification in the start of the investigation was much more in all trials. The amount of water-soluble NH 4 -N (mg/kg) increased continuously up to 21 and 14 days of composting in trials 1, 5 and 15, respectively, and later diminished substantially at the termination of the composting process (Fig. 1c) . The metabolism of protein enhances the concentration of ammonia due to microbial activities and its reduction was due to volatilization of gaseous ammonia having the alkaline pH of compost. However, the major contribution of the removal of the NH 4 -N shows the nitrification (Iqbal et al. 2010b ). The conversion of ammonia into nitrates by the action of nitrifying bacteria is the final sink of nitrogen during composting. The soluble nitrates increased throughout the composting process due to transformation of ammonia to nitrate by nitrifier (data not shown).
The humification process is the result of the degradation of lignin to aromatic units, which occurs mostly during the thermophilic phase and the subsequent biosynthesis from the condensation and polymerization of aromatic units and cellular debris. It is initiated during composting by microbes that entails polymerization of low molecular weight units. This process conform the maturity and stability of compost by the decomposition of non-humic into humic substances and the concentration of HA was more than FA in all trials of present study. These results are also in lined with those of Iqbal et al. (2010b) .
The healthier and enhanced HA concentration was noted in trials 1 and 15 rather than 5 due to the optimum temperature and by the addition of optimized lime concentration in trials 1 and 15, whereas other trials did not exhibit its behavior like these trials. In trial 5, the temperature was not raised due to excessive concentration of lime which inhibits the microbial activity due to rise of pH, and hence, the HA production percentage was least and adjournment (Fig. 1e) .
The HA concentrations were enhanced throughout the composting process in all trials. The contents of HA ranged from 5.72 to 14.22, 4.72-10.55 and 0.5-1.87 in trials 15, 1 and 5, respectively. On the other hand, FA production increased at the start of the process, whereas it exhibited decline in the remaining period of the process in all trials but the maximum production was achieved by trial 15 (Fig. 1d) . These findings coincide with the results reported by Guo et al. (2012) and it was also observed that there was no significant difference in trial 5 and 1 whereas a great significant difference was present of trial 15 with trial 5 and 1. According to Golueke (1981) a C/N ratio below 20 is an indicator of acceptable maturity and ratio of 15 or less is preferable. This ratio represents the forms of organic carbon and nitrogen in the composting mixture that are more susceptible for microbial transformation and for compost stability and maturity (Said-Pullicino et al. 2007 ). Iqbal et al. (2010a) findings are coherent to the present findings.
The other humification parameters (DP, HI and HR) were also optimized during the controlled composting process. Only the DP data have been illustrated and found the increasing trend through the composting process in all trails, but increasing behavior was not similar in all the trails due to the decomposition rate and its C/N ratio. The similar pattern like HI was observed in DP with increase of 57.31, 48.53 and 51.68 % of trials 15, 1 and 5, respectively, when compared with the initial concentration of DP. It was also noted that there was no significant difference between trials 15 and 1, but a great and significant difference was observed with trial 5. DP in trial 15 was 50 % more than in trial 5 (Fig. 1f) . The same observation was noted by Tejada et al. (2009) in their study.
Correlation between chemical parameters of compost
The decomposition of kitchen waste into compost is a biological process and chemical parameters of compost i.e., C/N, HA, FA and DP having strong correlation with each other. Pearson's correlation was studies and found the C/N ratio has negative correlation with HA, FA and DP because during the process C/N ratio becomes lessen with the passage of time and production of HA, FA and DP enhanced. They are principally inversely correlated with each other in exhibiting the positive sign of composting process. The positive and strong correlation of HA was found with FA in initial stages of composting, which lessen due the enhancement in DP at the end of the compost process. It means DP showed the positive correlation with HA and negative correlation with FA at the end of the process (Table 5 ). The same observation has been found by Iqbal et al. (2010b) in their study during the composting of MSW.
Optimization of moisture and C/N ratio Box-Behnken design under RSM was used to evaluate the interactive impact of lime, temperature and inoculum size to get an optimum combination for the production of mature and stable compost from kitchen waste.
The design matrix of these variables (bulking agent, fly ash) for moisture optimization and (lime, temperature and inoculum size) for C/N ratio was in coded units are presented in Tables 3 and 4 along with experimental and predicted values of each. The predicted values for moisture and C/N were obtained using the quadratic model fitting techniques by software design. The multiple regression analysis methods were applied by developing the statistical model on the use of experimental results of moisture and C/N.
These can be given as
The statistical model was analyzed by F test and the analysis of variance (ANOVA) for the response surface quadratic model is presented in Table 6 . The model F test value of 567.60 and 105.19 implies that the model is highly significant in both moisture and C/N ratio optimization, respectively. The probability values were very low, as shown in Table 7 ; lesser than 0.05 indicates that the results of moisture and C/N ratio can be fitted well by a second order response surface plot. Such P values \0.05 indicated that the model is highly significant. The same observation was found by Kumar et al. (2010); they composted the green and food waste by applying the RSM to obtain the optimal operating condition for mature compost. The lack-of-fit value is another evidence that all the model coefficients namely bulking agent, fly ash, bulking agent 2 , fly ash 2 , bulking agent and fly ash for moisture optimization, whereas for C/N ratio model coefficients are temperature, lime, inoculum size, temperature 2 , lime 2 , inoculum size 2 , lime and temperature, temperature and inoculum size, lime and inoculum size are all these significant coefficients. The goodness of model was checked by determination coefficient (regression coefficient) R 2 and by adjusted R 2 (multiple correlation coefficients R). The value of determination coefficient R 2 for moisture optimization (99.75 %) and (99.47 %) for C/N ratio indicates that only 0.25 and 0.53 % were not explained by the model, respectively.
The adjusted coefficient [Adj. R 2 = 99.58 % (moisture) and 98.53 % (C/N)] for both moisture and C/N was also high, which depicted the significance and goodness of the experimental work and closer the values of adjusted R 2 to 1, indicates the better correlation between experimental and predicted values (Wang and Lu 2005) . The predicted R 2 for moisture was 98.25 % is in reasonable agreement with the adjusted R 2 (99.58 %) between the experimental and predicted value for moisture reduction optimization. The same type of observation was found in C/N ratio case, i.e., the predicted and adjusted values were not significantly different. The adequate precision measures the signal to noise ratio. A ratio [4 is desirable (Mannan et al. 2007 ). In the present study, the precision ratio for moisture and C/N ratio is [4, which indicates that the model has an acceptable signs.
The fitted response surface plot was generated by statistically significant above the model by design expert program to understand the interaction between parameters during the optimization of moisture and C/N. The moisture optimization is the main stream requirement for the decomposition of waste, better for stable C/N ratio of the compost, which indicates that other parameters like HA, FA, CEC, DP, HI are stable, and hence, compost will be mature and stable, used for the application of plant growth.
The contour plots were plotted in each parameter optimization, and two variables of each model were plotted at any one time on X and Y axes with the yield in Z-axis. The other one residual variable set at their middle point values automatically by the software to make each plot.
The shape of contour plots (elliptical, circular) presented that whether the interaction between factors is significant or not. The circular contour plot indicates the interaction between factors is also significant. The impact of bulking agent and fly ash for moisture optimization is shown in Fig. 2a , described that with the rise of quantity of bulking agent and fly ash, the moisture of kitchen waste decreases. In addition, the intense color of contour plot is directly proportional to concentration of moisture; means as the contour plot color light, the moisture also revealed the decline in its concentration. In addition the impact of lime, temperature and inoculum size for C/N ratio optimization exhibit the same behavior as by bulking agent and fly ash in moisture optimization Fig. 2b . The excessive use of lime and temperature variation hinders the microbial activity, resulted raise the maturity and stability time for compost. By solving the Eqs.
(1) and (2) using the software, the optimum values for moisture optimization were as bulking agent 40 % and fly ash 15 %, whereas for C/N ratio the temperature 35°C, inoculum 10 % and lime 3 % are the optimized parameters for the decomposition of kitchen waste into stable and mature compost. The predicted values for moisture and C/N ratio were 49.94 and 8.33, respectively.
Validation of model
Different trials were conducted during the optimization of compost parameters for the formation of mature and stable compost from kitchen waste. Moisture plays an important role during the decomposition of waste because microorganism need FAS [30 %, which was optimized by the addition of bulking agent and fly ash proportions, help to propagate the humus (HA and FA) formation ultimately decreases in the C/N ratio with the passage of time under the optimum conditions of temperature (35°C), inoculum (10 %) and lime (3 %). These results were observed better than conventional process for the formation of compost. 
Conclusion
